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INDUCED ENVIRONMENT CONTAMINATION MONITOR 


AIR SAMPLER BOTTLES 


ACCESS DOOR TO 
AflM & SAFE PLUG 


CASCADE IMPACTOR „ 


O 


m 


PASSIVE ARRAY 


O 





PLUME 

PRESSURE GUAGE 


MOUNTING FLANGE 


J2 SIGNAL^ 
CONNECTOR 


J1 POWER 
CONNECTOR 


IECM ASCENT/REENTRY 

HUMIDITY MONITOR 
STS— 2, STS— 3, STS— 4 


X - 48.65 INCHES 
Y- 35.50 INCHES 
Z« .31,20 INCHES 
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TIME (MINUTES) 
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22.875 km (75,000 FT) 


Preceding page blank 



IECINA A SCENT /REENTR Y 

TEMPERATURE UECM AIR SAMPLER! 
STS— 2, STS— 3, STS— 4 


W5INA L PAGE H 
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10 15 20 25 30 35 40 45 50 55 6 


TIME (MINUTES) 

TIME REFERENCE AT ALTITUDE OF APPROXIMATELY 
22.875 ’:m (75,000 FT) 


Measurement 


IECM 

CASCADE IMP ACTOR 
PARTICULATE MEASUREMENTS 
SUMMARY - STS-2, 3, A 

Prediction 


>3jj size particulates 

<375 pgms/m 3 (assuming d=25ii ^ 

p«2gms/cm J ) 

l|i to 5}i size particles 

<100 ygms/tn 3 (assuming "3»5p ^ 

p«2 gms/cm J ) 

0. 3u to lfj size 
part icles 

<10 pgms/ra 3 (assuming d®ljj ^ 

p“2 gms/cm J ) 

* Descent values may be 

largely instrumental (thermal), and s 


Ascent 

Descent 


* 30 pgms/m 

^ 10 


STS- 3 

Ascent 

Descent 

*v 

1— H-* 

o o 

ST5-4 

Ascent 


Non functional 


Descent 

% 

20 uems/m 3 

STS-2 
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'V 
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Descent 

' * 

250* " 

ST5-3 
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< 

10 Dgms/m 3 


Descent 

< 

10 

STS-4 
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'V 

300 ygms/m 3 
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< 

10 " 

STS-2 

Ascent 

a. 

250 ugms/m 3 


Descent 

v 

125*usms/m 3 

STS-3 

Ascent 

< 

10 


Descent 

< 

10 

STS-6 

Ascent 

Descent 

% 

90 jjgms/m 3 
Non functional 
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fCftSCAOE IMPfiCTOR 
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ENLARGEMENT OF AN AREA OF STAGE 
3, STS-2, CONTAINING FIBERS, 

AND SPECTRA OF TYPICAL 
PARTICLES. 
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INDUCED ENVIRONMENT CONTAMINATION MONITOR 


Air Sampler Results 
Contaminant Totals for Representative 
STS Ground, Ascent, and Descent Phases 


ORIGINAL PAGE 
OF POOR QOALi 


LOCATION 

SPECIES 

LEVELS EXPECTED, 
SPEC. 

DETECTION* 

METHOD 

OBSERVED 

Ground 

Volatile 

Hydrocarbons! 

<15 PPM, 
in Purge 

<15 PPM 
Gas 

A 

<3 PPM by Wt . 

<1 PPM by Volume! 

Ascent 

Volatile 

Hydrocarbons! 

Unknown , 

no Spec 

A 

v50 PPM by Wt. 
vlO PPM by Volume! 

Ascent 

Reactive 

HC1 

Unknown , 

no Spec 

B 

None detected 
to PPM sensitivity 

Descent 

Reactives 
NO, N0 2 , NH 3 

Unknown , 

no Spec 

C 

None detected to 
PPM sensitivity 

Descent 

Volatile 

Hydrocarbons! 

Unknown , 

no Spec 

A 

v20 PPM by Wt. 
v 4 PPM by Volume! 


* A - Concentration on adsorbent; postflight GC/MS analysis. 

B - Reaction with silver oxide/hydroxide surfaces; postflight analyses by ESCA. 
C * Reaction with ruthenium trichloride surfaces; postflight analyses by ESCA. 


t Covers C„ to C 2 4 range and uses ^C 32 as avera R e molecular weight to obtain PPM 
by volume. " 4 ^ 




j 
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1ECM OPTICAL MEASUREMENTS 
PASSIVE SAMPLE ARRAY 


• AVERAGE CHANGE IN OTPICAL PROPERTIES: 

PRE-LAUNCH ENVIRONMENT -- <. 2% 

FLIGHT MISSION __________ < 

FERRY-FLIGHT _______ < 1% 

(MEASURED UNCERTAINTY a 1%) 


• NO MOLECULAR CONTAMINANT FILMS DETECTED 

• MEASURED OPTICAL DEGRADATION ATTRIBUTED TO PARTICULATES 
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TECM OPTICAL MEASUREMENTS 
PASSIVE SAMPLE ARRAY 

FLIGHT MISSION RESULTS: STS-2, STS-3, STS-4 


Sample 


Wavelength 
X (nm) 


Range of AR 
(+0.01 uncertainty) 


Average 
7« Change 


120 

-0. 

07 

to 

+0. 

03 

+0. 

77. 

160 

-0. 

01 

to 

+0. 

.04 

+1. 

87 0 

200 

-0, 

03 

to 

+0. 

.02 

+0. 

U 

240 

-0. 

.04 

to 

+0, 

.01 

-0. 

. 37. 

280 

-0, 

.06 

to 

+0 

.01 

~2 . 

,37. 

120 

-0 

.03 

to 

+0 

.04 

-1. 

.77. 

160 

-0 

.01 

to 

+0 

.03 

+0 

.97. 

200 

-0 

.01 

to 

+0 

.03 

+4 

.27. 

240 

-0 

CM 

o 

to 

+0 

.04 

+0 

.97. 

280 

-0 

.03 

to 

+0 

.02 

-0 

.17. 


• MEASUREMENT UNCERTAINTY + l % (ABSOLUTE). 

• MOST OF THE OBSERVED DEGRADATION ATTRIBUTED TO EFFECTS OF PARTICULATES. 

• NO EVIDENCE FOUND FOR MOLECULAR FILM DEPOSITS. 


I £ r m ur i i cal MEASUREMENTS 
I'AIS I VF SAMPJE ARRAY 


M J AH! MAI I UN SPIC IIIFAIION: 


r r i f i f orns ir/ - ni’rir.Ai surfaces 


AVERAGED 

PRE- FLIGHT EXPOSURE RE SIM; IS 
SIS-? 19 OAYS EXPOSURE: OPF 

O - 1.6 X 10 4 PARI IC1.ES/CH 7 
CLASS 750 TO 1500 


orb HER PRntrssfur, facility (nrr) 
at ksc sim. in fF(> ro clean-up 

FOL LOW I MG ROM -OUT OF STS-7. 


STS- 5 19 OAYS exposure; opf 

p - 6.5 x so’ particles/cm 2 
CLASS 500 to 1500 


OUR IMG nrr OPERATIONS, SAMPLES AMO 
INSTRUMENTS OF THE IECM 0ES IGNATEP 
FOR ri I GUT WERE protected BY COVERS 
UNTIL FINAL At CESS PRIOR 10 ROLL-OUT. 


s rs-4 5 days exposure opf 
p - 1. 5 X io 5 /cm 2 
class 500 

IN-TRANSIT OPF-PCR ( ?6 0AY : S> 
p = 6 . 7 X IO ? /f M 2 

class ?00 

16 OAYS EXPOSURE IN PCR 
p = 5 X I0 2 7CM 7 
CLASS 500 


SAMPLES EXPOSEO FROM 

1ST ACCESS OPF * LAST ACCESS PCR 
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particles/cm 
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I !■: CM OPTICAL HEAS URIiMEMTS 
OPTICAL EFFECTS MODULE 

SUMMARY OF RESULTS t STS- 2, STS-3, STS-A 


RIGIMAL PAGE IS 
F POOR DUALITY 


MISSION PHASE 


AVERAGE CHANGE IN TRANSMITTANCE (253. 7 nm) 


EXPOSED SAMPLES 


UNEXPOSED SAMPLES 



LiF 2 

CaF 2 

HgF 2 

SAPPHIRE 

QUART/ 

KSC/OPF : GROUND OPERATIONS 

OX 

07. 

-17. 

-IX 

OX 

GROUND TO ORIUT 

ox 

-IX 

-U 

ox 

OX 

ON-ORBIT 

0% 

+17. 

+17. 

-37. 

OX 

DESCENT/LANDING FERRY FLIGHT 

-IX 

-IX 

ox 

- IX 

- 14 

• TOTAL 

-n 

-17. 

- 1 % 

-37. 

-IX 


® OEM SAMPLES LABELEO "EXPOSED" REMAIN EXTERNAL TO OEM HOUSING 95% OF MISSION DURATION. 
« FLIGHT DATA - SCATTER CHANNEL INDICATE NO ACCUMULATIONS OF PARTICLES GREATER THAN 
CLASS 500 SURFACE LEVELS. 

« POST-FLIGHT PARTICLE COUNTS ON OEM SAMPLES INDICATE LEVELS NO GREATER THAN CLASS 300. 

e effects of discrete shuttle events not detectable due to limited magnitude of 

MEASURED OPTICS VARIATIONS. 


INDUCED ENVIRONMENT CONTAMINATION MONITOR 
OPTICAL MEASUREMENT CAMERA/PHOTOMETER 

TYPICAL QUESTIONS 


WHAT IS THE SIZE DISTRIBUTION OF PARTICLES? 

WHAT IS THE VELOCITY DISTRIBUTION OF PARTICLES? 

WHAT OPTICAL EFFECTS, IF ANY, ARISE FROM A MOLECULAR CLOUD? 

WHAT ARE THE SOURCES OF CONTAMINATION? 

DO ALL MANEUVERS RESULT IN INCREASED CONTAMINATION? 

HOW DOES THE CONTAMINATION VARY WITH MET? 

HOW LONG AFTER LAUNCH DOES THE SPACECRAFT ENVIRONMENT CLEAR? 

WHAT IS THE DECAY TIME OF CONTAMINATION DUE TO WATER DUMPS? 

WHAT IS BRIGHTNESS BACKGROUND DUE TO CONTAMINATION? 

1. TYPICAL QUESTIONS WHICH HOPEFULLY WILL BE ANSWERED BY THE CAMERA/ 
PHOTOMETER EXPERIMENT ON THE IECM. 
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Induced Environment Contamination Monitor Optical Measurement Camera/Photometer 



Picture of the camera/ 
photometer showing baffle 
and pressurized canister, 

A solar shutter to protect 
the instrument from high 
temperatures during solar 
orientation is seen at the 
top of the baffle. 
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One of the star fields observed during camera/photometer operation. 
Stars to the 10th magnitude were recorded by such observations during 
sunl it condit ions. 
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INDUCED ENVIRONMENT CONTAMINATION MONITOR 
OPTICAL MEASUREMENT CANERA/PIIOT OME TER 


Q p POOR 


Number of Events 
per Frame 


X • 20 

817, 

20 - x > 10 

8 

10 ' x > 5 

ft 

S ' x " 2 

0 

1 

5 

0 

0 

Tn | n 1 Con t am ( n a t j on 

too 



Clasped 

Time 



2 2 - 2 7h 

77-32H 

32-37h 

37-/«2h 

27. 

07. 

27, 

07. 

3 

2 

2 

0 

2 

5 

0 

0 

ti 

10 

2 

0 

12 

12 

7 

3 

70 

71 

87 

97 

30 

29 

13 

3 




Data frames as a percentape of potential contamination frames as seen in the first 68 hours 
durfnp STS-2, 3, and A. 


6, THE NUMBER OF FRAMES WITH X NUMBER OF EVENTS AS A PERCENTAGE OF POTENTIAL CONTAMINATION 
FRAMES. THE DATA IS A SUMMARY OF THE STS-?, 3, AND *i MISSIONS DURING THE FIRST HR HOURS 
OF THE RESPECTIVE MISSIONS. 


INDUCED INVIROfimm CONTAMINATION MONIJOR OPTICAL MEASUREMENT CAME RA/PH01 OME 1ER 


ONBOARD 

SPACECRAFT 

EVENT 


AT 

TIME UNTIL 


(MET) 

MRS : MINS 


10 OBSERVE 
CON TAM 


number OF 

POTENTIAL 


ELAPSED TIME 1 QPPORIUNITY I CON TAM. 


FRAMES 
RECORDED 
AT AT 


AMOUNT 

OF 

CON TAM. 
(PART/rni 


maneuvers 

PAYLOAO BAY OOOR TESTS 


OMSBURN 

maneuver 


TABLE 3. CORRELATION OF OBSERVED CONTAMINATION WITH ON-BOARD SPACECRAFT EVENTS 

7. CORRELATION OF ORSERVED CONTAMINATION WITH ON-BOARD SPACECRAFT ACTIVITIES, SUCH AS 

MANEUVERS, WATER DUMPS, ENGINE BURNS, ETC. THE DATA WAS RECORDED DURING THE STS-2 MISSION. 
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irmiiu o rHviBwm-ni contaminat inn mwm opucae hfasuiu rif nt 


onboard 

si'AcrortAri 

F_-VT.N1 

MISSION 
F LAPSED 1 IMF 
{ME T| 

MRS ■ MINS 

AT 

TIME UNTIL 
OPPORTUNITY 
TOOBSF RVF 

oontam 

NUMBrn or 
POTENTIAL 
CON TAM 

FRAMES 
RECORDED 
AT AT 

NUMBER 

or 

CON TAM 
FRAMES 

MANEUVFR 

»? 35 

? 

1 

0 



25 





150 

1 

0 



mo 

1 

2 



740 

1 

0 



770 

1 

0 



330 

1 

0 

1 


510 

t 

0 

MANEUVER 

21:55 

5 

1 

1 

MANEUVER 

22:18 

40 

T 

0 

RMS TESTS 

23:00- 27:00 


4 

1 



150 

1 1 

0 



210 

1 

1 



740 

2 

0 



270 

1 

0 

MANEUVER 

32:05 

25 

1 

0 



50 

1 

0 


CON TAM 

ipart-ir) 


GORRf-LAl ION OF OBSERVED CONTAMINATION WITH ON-BOARD SPACECRAFT ACTIVITIES, SUCH AS 
MANEUVERS, WATER DUMPS, ENGINE BURNS, ETC. THE DATA WAS RECORDED DURING THE STS-2 MISSION. 



INDUCED ENVIRONMENT CONTAMINATION MONITOR OPTICAL MEASUREMENT CAMERA/PIIOTOMUER 
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